Introduction Lymphoscintigraphy is the gold standard for imaging in the diagnosis of peripheral lymphedema. However, there are no clear guidelines to standardize usage across centers, and as such, large variability exists. The aim of this perspectives paper is to draw upon the knowledge and extensive experience of lymphoscintigraphy here in Genoa, Italy, from our center of excellence in the assessment and treatment of lymphatic disorders for over 30 years to provide general guidelines for nuclear medicine specialists. Method The authors describe the technical characteristics of lymphoscintigraphy in patients with limb swelling. Radioactive tracers, dosage, administration sites, and the rationale for a two-compartment protocol with the inclusion of subfascial lymphatic vessels are all given in detail. Results Examples of lymphoscintigraphic investigations with various subgroups of patients are discussed. The concept of a transport index (TI) for semi-quantitative analysis of normal/pathological lymphatic flow is introduced. Different concepts of injection techniques are outlined. Discussion It is past time that lymphoscintigraphy in the diagnosis of lymphatic disorders becomes standardized. This represents our first attempt to outline a clear protocol and delineate the relevant points for lymphoscintigraphy in this patient population.
General Considerations and Peripheral Lymphedema
The scope of these guidelines is to provide appropriate assistance to specialists in nuclear medicine regarding the indications for, the correct procedures, and interpretation of lymphoscintigraphy. Lymphoscintigraphy is a secure method, minimally invasive, and well-established for the evaluation of lymphatic drainage in lymphatic disorders.
The lymphoscintigraphic method has by now largely replaced the more invasive and technically difficult technique of lymphography [1] . In the limbs, the lymphatic system consists of a superficial compartment in which the lymph flow derives from the skin and the subcutaneous tissue, rising through the lymphatic vessels within the epi-fascial planes to reach the loco-regional lymph node stations, and a deep compartment that drains the subfascial structures, like muscles, bones, and deep blood vessels. In the lower limbs, these two circuits unite in the inguinal region; while in the upper limbs, they join in the axillary region. The two systems of drainage (superficial and deep) are functionally complementary, such that the deep system participates in lymph drainage from the skin during lymphatic obstruction [2] .
Lymphedema is a chronic disease, which is often unrecognized or misdiagnosed, leading to late or no treatment. Lymphedema derives from a deficiency of lymphatic transport caused by surgical or traumatic lesions to the lymphatic vessels, by infectious processes, or congenital anomalies. Effective therapies for lymphedema can be suggested to the patient, particularly after adequate characterization of the disease [3] . Lymphedema is a disease with a high prevalence. About 10 million people develop lymphedema secondary to surgical treatments of lymphadenectomy and radiotherapy of numerous neoplasms, recurrent infections, traumatic injuries, or vascular surgeries. Around 90 million people worldwide suffer from lymphedema due to parasitic infections. When chronic venous insufficiency appears to be a contributory factor, lymphedema is estimated to be over 300 million cases [4] .
Lymphedema of the upper arm is a frequent complication of surgery and radiotherapy for breast cancer and axillary lymph node dissection, with an estimated frequency of 5-30% [3, 5] . This incidence is principally based on studies that utilize volume and circumference criteria in the first 2-5 years after surgery. Arm volume difference above 100-200 cm 3 or a circumference difference of more than 2 cm is used as the threshold for the diagnosis of lymphedema. All of these studies ignore lighter forms of lymphedema, not recognizing a significant number of patients with mild lymphedema, especially in the non-dominant arm, which also could have been 200 cm 3 smaller than the dominant arm before surgery [5] . Lymphedema in the lower limbs is generally a primary condition or secondary to surgery and mainly from pelvic lymphadenectomies secondary to prostatic and uterine neoplastic pathology. The reported frequency of secondary lymphedema varies from 10 to 49% [6, 7] . Even the Bmildl ymphedema of the leg can cause discomfort to the patient. Advanced leg lymphedema causes severe permanent disability. Lymphedema of the lower extremities can also be associated with genital lymphedema with a certain frequency [8] .
In summary, non-infectious lymphedema is a common disease and one can expect an increase in the number of patients rather than the disappearance of this condition in the next few decades. Many of these patients suffer because they have not been properly diagnosed and treated. Early diagnosis can lead to effective treatment and prevention of side effects, including extremity deformity, disuse atrophy, and increased susceptibility to recurrent infections [3, [5] [6] [7] [8] .
Most of the radionuclide studies of lymphatic flow use particle materials. The agents used include Tc-labeled antimony sulfur colloid, or colloidal gold particles, administered in the interstitial space. Particles smaller than a few nanometers generally pass through blood capillaries, while larger particles, of up to about 100 nm, are able to enter lymphatic capillaries and be transported to the lymph nodes. However, even large particles have been detected in the venous blood immediately after subcutaneous injection, probably as a result of direct capillary disruption from the needle. It is believed that the optimal colloidal size for lymphoscintigraphy is about 50-70 nm [9] . Larger particles (> 100 nm) are trapped in the interstitial compartment for a relatively long period, not allowing radioisotopic examination within optimal times.
Indications
Lymphoscintigraphy is a non-invasive procedure for the differentiation of lymphedema from other causes of limb or truncal edema, such as heart failure, lipedema, and deep vein thrombosis [10, 11] .
The indications for lymphoscintigraphy include primary lymphatic dysplasia, secondary lymphatic dysplasia, primary lymphedema, congenital lymphedema, secondary lymphedema, and chylous leakage (chylous ascites and chylothorax) [12] . The lymphoscintigraphy technique has also been proposed, by some authors, for the evaluation of thoracic duct abnormalities [13] .
Absolute Contraindications
None.
Relative Contraindications
Pregnancy and breastfeeding are relative, not absolute, contraindications. The effective dose of lymphoscintigraphy is 0.014 mSv/Mbq. Based on this report, the global dose to patient it is about 1.0 mSv [14] . The amount of radiopharmaceutical transferred from the interstitium into the blood and from the blood to the milk is very low, and therefore, it is not necessary to interrupt breastfeeding. However, it seems prudent to recommend the suspension of breastfeeding for 24 h after administration of the radiopharmaceutical.
Like all tests using ionizing radiation, a lymphoscintigraphy in pregnancy must be Bjustified^by an actual benefit to the patient without excessive risk of exposure to the fetus/infant. It is therefore important to evaluate the opportunity to perform a case-by-case examination in a multidisciplinary context, always considering postponing the examination until the end of breastfeeding. The same principle can be applied in pregnant patients [15] . No intolerance reactions to the radiopharmaceutical used have been reported [4] .
Preparatory Procedure
Organization Phases (in Conjunction with the Referrer, Usually Without the Patient Present)
(1) Verification of the appropriateness of the referral for lymphoscintigraphy.
(2) There are no particular dietary or pharmacological preparation requirements. The patient is informed, usually by specifically designed information sheets, about the modality of testing, waiting times for the exam, and the eventual delivery of the outcome report. 
Pre-Injection Phases (with the Patient Present)
(1) Verification of the appropriateness of the procedure and the correct understanding by the patient of the characteristics of the examination and of the procedures to which they will be submitted. (2) Signing of the informed consent, providing the patient with all of the information related to the lymphoscintigraphic method used (number of injections, timing of acquisitions, physical activity to which they will have to undergo, times and methods of delivery of the report). 
Radiation Protection Precautions
The use of radioactive substances should be Bjustified^by an actual benefit to patients. One must follow the usual procedures in terms of radiation protection. In the first instance, the patient should be given a radiotracer dose as low as reasonably achievable. In addition, all measures must be taken to reduce the dose received by the exposed health personnel, to the other patients in the waiting room and to other people that the patient may come into contact with at the end of the lymphoscintigraphic examination. This can also include the use of lead shielding.
Radiopharmaceutical Choice and Site of Administration 99m
Tc NANOCOLL®, colloidal particles of human albumin (at least 95% of the total size between 20 and 80 nm).
Stability: 6 h. Volume: 0.1-0.2 ml per aliquot. Administered activity: 30-50 MBq per limb and per compartment.
Administration: subcutaneous injections or sub-fascial with insulin syringes and a 25-gauge needle. To guarantee the reproducibility of the exams, it is recommended to use the same type of injection, volume, and activity of the radiotracer, type of exercises, and modality of image acquisition for every patient.
Injection of the tracer should be preceded by disinfection with an iodine solution (especially in patients with advanced stage lymphedema) or alcohol. The use of local anesthetics is not recommended as they can interfere with the radiopharmaceutical washout from the injection site.
For the study of the superficial circulation, both subcutaneous injection and intradermic in the first few interdigital spaces have been proposed. Opinions differ regarding the best injection technique, but available data suggest that the optimal technique may vary depending on the type of tracer used, with colloidal agents obtaining the best results by subcutaneous injection [4, 10, 11, 16] . The subfascial injection of the radiotracer is used for investigations of the deep lymphatic system of the limbs. The injection can be subfascial in the lateral retromalleolar region, under the ulnar styloid, or in the plantar aponeurosis of the hands and feet. The lymphoscintigraphic study of both the two compartments (subfascial followed by epifascial or vice versa) is preferable, as it allows the differentiation of diverse mechanisms of the edema of the limbs [17, 18] (Figs. 1 and 2 ), particularly as there is significant evidence that peripheral lymphedema can derive from only superficial lymphatic vessels damage, only deep, or combination of the two [19, 20] .
Bilateral upper and lower limbs should be studied contemporaneously, such that both arms or both legs are studied in order to provide a comparison, regardless of whether clinically evident swelling is unilateral or bilateral. A Btotal body^study involves simultaneous administration to the four limbs. In case of an ascending deficit, further subcutaneous administration to the arm or thigh above the obstacle to the lymphatic flow may be useful to verify the functional presence of proximal collectors, in the eventuality of subjecting the patient to surgical treatments such as lymphatic-venous anastomosis.
In case of scrotal or vulvar edema, the study should start with two subcutaneous injections of the tracer into the bottom of the scrotum, lateral to the medial raphe, or into the labia majora. The examination will then be continued with the study of the lower limbs (Fig. 3) . tomography-SPECT/CT study (see below) is particularly recommended in the study of diseases of the lymphatic system in the pelvic-abdominal-thoracic districts (Fig. 4) . & In the delayed images, the liver uptake value confirms the arrival of the tracer into the hepatic circulation. & Late imaging is also essential for the assessment of Bdermal backflow^ (Fig. 5) or post-traumatic stagnation.
Acquisition Protocol
In the interval between early and late acquisition (so after 30 min and before 2 h), it is useful to advise the patient to perform physical activity in order to increase lymphatic flow. In the lower limbs, such stress maneuvers include walking, limb massage, or the exercise bike. In the upper limbs, repeated compressions of a rubber ball have been proposed [4, 17, 24, 25] . If performing a twocompartment lymphoscintigraphy, subfascial/epifascial imaging is completed first and epifascial/subfascial imaging occurs at least 24 h later, preferably 48 h, to allow for washout of the tracer from the first compartment imaged. It does not matter which compartment is examined first.
SPECT/CT study (hybrid images) improves the interpretation and increases the diagnostic accuracy of the examination by providing the exact topographic localization of the sentinel lymph node(s) with respect to the surrounding anatomical structures. With peripheral lymphedema, at the stage IA (Table 1) , it can be difficult to diagnosis as there are little or no clinical indications of swelling. However, this type of lymphatic dysfunction can be demonstrated with lymphoscintigraphy, particularly an intravascular lymphostasis is seen, while the lymphatic system seems nearly normal. In cases of superficial lymphatic insufficiency, hybrid images can confirm an epifascial dermal backflow with a normal deep lymphatic system. Hybrid imaging also gives the precise location of blockage to lymphatic flow and may verify which lymph nodes are functional and which are not. For the clinician, this new imaging approach can be used to modify the treatment protocol, resulting in a well-adapted treatment [24] .
Processing
No processing is required in the case of acquisitions with a planar technique. In the case of tomographic studies, reconstruction using a filtered back-projection method or with iterative methods can be used.
Interpretation

Qualitative or Visual Analysis
The analysis aims to evaluate the kinetic distribution of the radiopharmaceutical as a function of time, the number of lymphatic pathways displayed, the direction of lymphatic drainage, the number of lymph node stations visualized, and their respective lymph nodes displayed. The presence of lymph nodes in atypical sites (Bin-transit^lymph nodes) is indicative of slowing of the lymphatic flow is indicative of slowing of the lymphatic flow (Fig. 6) .
Qualitative lymphoscintigraphy (i.e., visual interpretation) is in many cases sufficient to provide a reliable diagnosis but has been shown to have a diagnostic accuracy inferior to a semi-quantitative or qualitative/evaluative combination after decay corrections [24] . Kleinhans developed a transport index to evaluate the effect of transplantation of lymphatic vessels on lymphatic function. Five criteria acquired from visual interpretation were semi-quantified and included in a formula developed by the authors [25, 26] and shown in Table 2 below. The TI can be calculated using the following formula to categorize the lymphatic flow as normal or pathological where: TI = K + D + (0.04 × T) + N + V and K = transport kinetics (scored as 0-normal, 3-mild delay, 5-marked delay, 9-no transport); D = distribution of the tracer (scored as 0-normal, 3-mild dermal diffusion, 5-marked dermal diffusion, 9-absent visualization); T = time to visualize the lymph nodes(min); N = visualization of lymph nodes (scored as 0-normal, 3-mild, 5-poor, 9-absent); and V = visualization of lymph vessels (scored as 0-normal, 3-mild, 5-poor, 9-absent). A score of less than 10 signifies a normal TI and a score equal to or greater than 10 signifies a pathological TI.
Other quantitative methods are represented by the calculation, after correction for the physical decay of the tracer of the lymphatic transport capacity calculated as the percentual washout of the tracer from the injection site at different times (usually 30 and 120 min) or as the fraction of the injected activity transported to the reference region, usually lymphoglandular after a certain time interval [27, 28] . Quantitative methods are particularly useful in the surgical follow-up of lymphatic disorders, where the degree of pathology/normality of lymphatic flow can be followed over time.
Report
In general, the final report can be divided into five parts: patient identification details, clinical question, the instrumental part dedicated to the description of the procedure, the body of the report, and the conclusions. This report must include all the relevant information described below: This is the part that includes the fields that identify the patient, the structure where the examination took place, the date of the examination, the type of examination, and the radioactive drug administered to the patient. The fields that generally identify the patient are as follows: name, surname, date of birth, and archive number with which the patient is cataloged in the Department of Nuclear Medicine.
Second Part: Clinical Question
This is the part dedicated to the clinical referral question and to the compilation of the summary of the patient's clinical history.
Third Part: Procedure
This is the part dedicated to the description of the type of the radio drug administration performed, the location of injection, the injected volume, and details of the instrumentation used and of the data acquisition protocol.
Fourth Part: Body of the Text
This is the part where the exam is described. It is necessary to describe:
& Delayed or rapid transit of the radiotracer compared to the normal side in unilateral edema. & The quantitative method with transport index is useful in the evaluation of bilateral edema. In this case, the transport index score is reported for each limb (and separately for superficial and deep lymphatic vessels if a twocompartment study is performed) and whether the score is normal or pathological. & Visualization of lymphatic vessels. 
Fifth Part: Conclusions
This is the part in which the clinical question is answered in a clear and concise manner. It includes the description of any abnormalities of the lymphatic system, including asymmetric visualization of lymphatic channels, collateral lymphatic channels, interrupted vascular structures, and abnormal visualization of the lymph nodes of the deep lymphatic system (i.e., popliteal lymph nodes after web space injection in the lower extremities, which should only visualize the superficial nodes) expressive of a lymphatic shunt. The lack of visualization of anatomical districts should also be noted, signaling lymph node hypoplasia or aplasia.
The conclusions should help the referring physician to refer the patient, if necessary, to surgical, physical, or medical treatments. If no lymphatic abnormalities are found and a calculated transport index is normal, the conclusion should be that there any clinically evident swelling does not have a lymphatic basis.
Sources of Error
The most common sources of error that can arise during lymphoscintigraphy are the following:
(1) External radioactive contamination. 
Conclusions
Lymphoscintigraphy is able to demonstrate the flow of lymph in both the superficial and deep lymphatic pathways and can detect abnormal lymphatic circulation patterns, such as a-, hypo-, or hyperplasia of vessels and nodes and dermal backflow [29] [30] [31] . It has been shown to have high sensitivity (96%) and specificity (100%) for lymphedema [20] , capable of definitively distinguishing lymphedema from other sources of edema (e.g., venous incompetence), in cases where venous problems have been ruled out. In cases of long-standing venous incompetence and other clinical signs (positive Stemmer sign), lymphoscintigraphy can demonstrate any lymphatic flow problems that may change the diagnosis to flebolymphedema [4] . As much as possible, the diagnostic lymphoscintigraphy protocol should be standardized across patients, in terms of administration of the radiotracer in the same site with the same dosage and same timing of the image acquisition with possible exceptions in selected patients of additional administration of the radiotracer in order to visualize the proximal lymphatic collectors in cases of proximal obstruction. The inclusion of a semi-quantitative transport index can provide a method to characterize lymphoscintigraphic exams as normal (and therefore, a non-lymphatic source of swelling) or pathological (lymphatic obstruction/abnormality). The addition of a subfascial injection to visualize the deep lymphatic vessels can provide additional information that will allow a diagnosis to be made in the sub-group of patients with only deep lymphatic vessel abnormalities that might have otherwise been classified as normal if only epifascial superficial examination is made. In our experience, we found deep vessel abnormalities in approximately 30% of the patients with normal superficial system. We recommend inclusion of the subfascial examination as part of the general protocol for lymphoscintigraphy in patients with swelling.
